Abstract This study examines the day-of-the-week effect in 18 Post
Introduction
Investigating the presence of calendar effects (also, known as calendar anomalies) in financial markets is a debated subject since the presence of some patterns in the evolution of the returns of financial assets can be used for developing profitable trading strategies which could generate abnormal returns. The efficient market hypothesis (EMH), introduced by Fama (1970) , states that on an efficient market the prices of assets reflect all the available information. Consequently, calendar effects challenge the EMH because abnormal returns could be made simply by knowing the patterns on returns. Further, the persistence of some calendar anomalies over time is, also, a threat for the EMH, because once the calendar anomalies were discovered for a market, they should quickly disappear since they represent new and available information which prices are supposed to reflect on an efficient market (Doyle and Chen, 2009 ).
There are various forms of calendar effects that are investigated in the literature. Daily seasonality in the returns of financial assets is one of the most tested anomalies. However, there are three variations of the day seasonality (Doyle and Chen, 2009 ). Firstly, the well-known Monday effect states that Monday's returns are, in general, negative and lower than those on Tuesday through Friday (French, 1980) . Secondly, the weekend effect suggests that there is a significant difference between returns on Monday and returns on Friday. Finally, according to the day-of-the-week (DOW) effect the returns on some day of the week are substantially different than the returns on other days of the week (Brooks and Persand, 2001 ).
Our paper focuses on investigating the presence of DOW effect for some stock markets from the PostCommunist East European countries: Bosnia, Bulgaria, Croatia, Czech Republic, Estonia, Former Yugoslav Republic of Macedonia, Hungary, Kazakhstan, Latvia, Lithuania, Montenegro, Poland, Romania, Russia, Serbia, Slovakia, Slovenia and Ukraine. Because the DOW effect is the most general test of seasonality in daily returns, it prevents researchers to focus on specific day anomalies like the Monday effect or the weekend effect and, thus, ignoring some important results (Doyle and Chen, 2009) .
There are many studies that investigated the presence of DOW effect for the stock markets located in the Post-Communist East European countries. However, to the best of our knowledge, none of them registered a negative Monday effect and a positive Thursday and Friday effects for the period 1999-2009. A negative Thursday effect was identified in the case of Czech Republic. The remaining stock markets did not show any sign of the DOW effect. In the pre-accession period, a positive Thursday and Friday effects were observed on the Polish market. Further, Czech Republic and Hungary had a positive Thursday effect and Slovenia showed a negative Tuesday effect and a positive Thursday effect. For the other stock markets, Guidi et al. (2011) did not find evidence for the presence of DOW effect in the pre-accession period. In the postaccession period the results are very different. Only the Slovenian stock market had a negative Monday effect. The other countries did not show signs of the presence of DOW effect.
The investigation of the DOW effect is challenged for a number of emerging stock markets, during the period of the global financial crisis and in the pre-crisis period. Diaconasu et al. (2012) tested the presence of DOW effect in the Romanian stock market for the period 2000-2011 and for the pre and post-crisis period. They reported that during the pre-crisis period and also for the entire period the DOW effect was present on the Romanian stock market. A positive Thursday and Friday effects were identified for the Romanian composite index and a positive Thursday effect was found for the index that reflects the price movements of the ten most liquid stocks listed on the Romanian stock market for the whole period. In the pre-crisis period the results were similar. However, during the global financial crisis period the DOW effect was not identified for any index. Furthermore, Hourvouliades and Kourkoumelis (2009) reported different results compared to those of Diaconasu et al. (2012) . They observed that during the pre-crisis period and also in the post-crisis period the DOW effect was not present in the Romanian stock market.
Heininen and Puttonen (2008) On the one hand, they observed that the DOW effect was not present in Bulgaria, Croatia and Romania. On the other hand, they noted that a negative Monday effect and a positive Friday effect were present in Greece and Turkey.
Methodology of research
To examine whether any day-of-the-week effects are present in our sample of Post-Communist East European stock markets we use the following regression:
Where R it is the return on stock index i in day t, D 1t through D 5t are dummy variables such that D 1t = 1 if day t is a Monday and zero otherwise and so forth.  1i to  5i represent the average returns from Monday through Friday on stock index i and u it is an error term which is assumed to be independent and identically distributed with a zero mean and constant variance.
If at least one of the estimated coefficients,  ji , will prove to be statistically significant then, the hypothesis of seasonality in returns is supported. 1 Therefore, such a result suggests the potential presence of arbitrage opportunities and a low level of market efficiency since the market participants can develop trading strategies to exploit this seasonal pattern.
Nevertheless, it is important to note that risk factors were not taken into account in equation (1). Brooks and Persand (2001) suggested that the market risk can be systematically higher or lower on certain days compared to the average, and this could be the reason for the higher or lower average returns in equation 1. Following Brooks and Persand (2001), we incorporate the market risk as follows:
Where the terminology is as in equation 1,  I is the sensitivity of return on stock index i to a change in the return on world stock index, R DJGt is the return on world stock index in day t, which is used as a proxy for the market risk and  it is an error term which is assumed to be independent and identically distributed with a zero mean and constant variance.
If the coefficients,  ji , are statistically insignificant where they were previously significant in equation 1, we can state that the seasonality is explained by the risk-return relationship. If, on the other hand, they are still significant, then other risk factors should be considered (Alagidede, 2008) .
However, equation 2 forces the risk-return relationship to be constant over all days of the week.
Following Brooks and Persand (2001), we allow the  I coefficient to vary across the days of the week by using interactive dummies (dummy variables multiplied by the return on world stock index) as follows:
Where the terminology is as in equation 2,  jI represents the sensitivity coefficients of stock index i for each day of the week and w it is an error term which is assumed to be independent and identically distributed with a zero mean and constant variance.
Database
For our analysis we used the daily closing levels of 19 stock indices for the period January 2005-March 2014. We collected 18 country indices and 1 world stock index, namely Dow Jones Global Total Stock Market Index (DJG). The stock indices had days in which they were not calculated. These blank days are due to holidays and perhaps to other events. Therefore, the previous day's level was attributed to the day in which the stock index was not calculated. This procedure was implemented only for the national stock indices because the DJG index did not show missing values.
The data for country indices were obtained from the Thomson Reuters Database and for DJG from www.djindexs.com.The country stock indices are used to compute the returns of national stock markets and DJG index is used to measure the return of world stock market. DJG includes more than 12000 securities from 77 countries, providing near-exhaustive coverage of both developed and developing markets. The return of DJG index is used as a proxy of market risk.
For each index, a series of daily continuously compounded returns are computed as follows:
The average returns are considered an appropriate proxy for expected returns. This happens because, it is believed that the information surprises tend to cancel out over a period and, therefore, the average returns are unbiased estimates of expected returns (Elton, 1999) . Fama (1998) states that the daily expected returns are close to zero. Consequently, if the daily average returns are statistically different from zero and between them, then the seasonality in returns is identified.
Where R it is the return on stock index i in day t, P it is the closing level of stock index i in day t and P it-1 is the closing level of stock index i in day t-1.
For Bosnia, Montenegro, Slovenia and Slovakia the Thomson Database did not provide information about the daily closing levels of stock indices for the whole period and, as a consequence, the analysis period was shortened. Further, for Former Yugoslav Republic of Macedonia (hereafter, FYR Macedonia), Serbia and Ukraine the stock indices were launched after the beginning of the desired period. As such, for these countries, the beginning of the analysis period represents the day in which the index appeared. Table 1 reports the descriptive statistics of the 19 indices and presents information regarding the analysis periods. Table 2 reports the results of equation 1 which was estimated for each country from our sample. As we mentioned earlier the estimated coefficients represent the daily average returns. The main results are as follows. On the one hand, Czech Republic, Estonia, Hungary, Kazakhstan, Lithuania, FYR Macedonia, Montenegro, Poland, Romania, Russia, Slovakia and Ukraine have no significant day-of-the-week effects. These results suggest that, from this perspective, these stock markets have a high level of market efficiency.
Results
On the other hand, Bosnia, Bulgaria, Croatia, Latvia, Serbia and Slovenia show some day-of-the-week effects. Bosnia, Croatia and Latvia have significant negative Friday average returns. Bulgaria, Serbia and Slovenia register significant negative Monday average returns. Moreover, Slovenia has, also, a significant positive Thursday average return. These results suggest that these stock markets have a low level of market efficiency, providing the opportunity for investors to develop profitable trading strategies. 
We analyzed the presence of heteroscedasticity and serial correlation in error terms during the estimation of regressions. The heteroscedasticity was tested by the ARCH LM test (Engle, 1982 ) and the serial correlation was verified by the Breusch-Godfrey Lagrange multiplier test (Breusch, 1978; Godfrey, 1978 ) using 10 lags. If we detected only the heteroscedasticity, we applied the correction proposed by White (1980) and if errors were serial correlated, we applied the correction proposed by Newey and West (1987) to calculate t-statistic (see Brooks, 2008, p. 152 ). ** and * indicates significance at 1% and 5% levels, respectively.
For example, the presence of a positive Thursday effect and a negative Monday effect in the case of Slovenian stock market suggests, at first view, the existence of arbitrage opportunities, because investors can develop profitable trading strategies. Since the stock prices have the tendency to decrease on Monday and to rise on Thursday, investors could buy on Monday and sell on Thursday in order to take advantage of these effects. However, the small potential gain might not generate positive profits when we take into consideration the transaction costs. At the same time, these stock markets have in general a low level of liquidity which is an important constrain for an active portfolio management (see, Dragotă and Mitrică, 2004 , for the Romanian case and Dragotă and Ţilică, 2014, for other Post-Communist East European stock markets).
From another perspective, the market risk can be higher or lower in some days of the week, thus explaining the presence of a high or low anomalous average return in some days. As such, we incorporated the market risk in the subsequent analysis. However, we excluded from our analysis Czech Republic, Estonia, Hungary, Kazakhstan, Lithuania, FYR Macedonia, Montenegro, Poland, Romania, Russia, Slovakia and Ukraine since there are no day-of-the-week effects to explain. The results are reported in Table 3 . Notes: We analysed the presence of heteroscedasticity and serial correlation in error terms during the estimation of regressions. The heteroscedasticity was tested by the ARCH LM test (Engle, 1982) and the serial correlation was verified by the Breusch-Godfrey Lagrange multiplier test (Breusch, 1978; Godfrey, 1978 ) using 10 lags. If we detected only the heteroscedasticity, we applied the correction proposed by White (1980) and if errors were serial correlated, we applied the correction proposed by Newey and West (1987) to calculate t-statistic (see Brooks, 2008, p. 152 ). R DJG is the return of Dow Jones Global Total Stock Market Index (DJG) which is used as a proxy of market risk. DJG includes more than 12000 securities from 77 countries, providing near-exhaustive coverage of both developed and emerging markets. ** and * indicates significance at 1% and 5% levels, respectively.
From our analysis, it is apparent that the consideration of market risk does not explain the day-to-day variation in the stock market returns of Bosnia, Bulgaria, Croatia, Latvia, Serbia and Slovenia. Also, it is interesting to note that the sensitivity coefficients,  i , are considerably lower than 1, for all stock markets, indicating that these stock markets are less risky than the world stock market.
The previous analysis imposes a constant relationship between return and risk. To relax this constrain, we used interactive dummy variables (dummy variables multiplied by the return on world stock market). The results of this investigation are presented in Table 4 .
As it can be seen, the conclusions from the previous analysis are unchanged. All day-of-the week effects reported in Table 2 and Table 3 are still persistent in Table 4 . Moreover, the sensitivity coefficient,  ij , varies across the days of the week in the case of Bulgaria, Croatia, Latvia, Serbia and Slovenia. Interestingly, the daily sensitivity coefficient of Bosnia is not statistically significant for any day of the week. Also, for both Bulgaria and Latvia the sensitivity coefficient from Wednesday is not significant and Serbia registers an insignificant sensitivity coefficient on Monday and Tuesday.
Conclusions
This paper investigates the presence of day-of-the-week effect in 18 Post-Communist East European stock markets. Twelve of the stock markets, those of Czech Republic, Estonia, Hungary, Kazakhstan, Lithuania, FYR Macedonia, Montenegro, Poland, Romania, Russia, Slovakia and Ukraine, do not show any sign of the day-of-the-week effect. The remaining stock markets, those of Bosnia, Bulgaria, Croatia, Latvia, Serbia and Slovenia, register at least one day in which the average return is statistically significant.
Following Brooks and Persand (2001), we investigate if the high or low abnormal returns registered for Bosnia, Bulgaria, Croatia, Latvia, Serbia and Slovenia can be explained by a high or low level of market risk. We consider the relationship between return and risk to be, initially, constant through all days of the week. Then, we make the relationship to vary across the days of the week. We observe that the day-of-the-week effects reported for the stock markets from Bosnia, Bulgaria, Croatia, Latvia, Serbia and Slovenia cannot be explained by the market risk. As such, future analysis should take in consideration other risk factors that may explain the abnormal high or low returns observed for these stock markets. Table 4 . Day-of-the-week effect and the daily market risk Notes: We analyzed the presence of heteroscedasticity and serial correlation in error terms during the estimation of regressions. The heteroscedasticity was tested by the ARCH LM test (Engle, 1982) and the serial correlation was verified by the Breusch-Godfrey Lagrange multiplier test (Breusch, 1978; Godfrey, 1978 ) using 10 lags. If we detected only the heteroscedasticity, we applied the correction proposed by White (1980) and if errors were serial correlated, we applied the correction proposed by Newey and West (1987) to calculate t-statistic (see Brooks, 2008, p. 152 ). R DJG is the return of Dow Jones Global Total Stock Market Index (DJG) which is used as a proxy of market risk. DJG includes more than 12000 securities from 77 countries, providing near-exhaustive coverage of both developed and emerging markets. ** and * indicates significance at 1% and 5% levels, respectively.
